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(57) Abstract: Apparatus for diverting a stream of articles from one conveyor to another parallel conveyor moving in an opposite 
direction in a conveyor bed. A diverter element (44) is attached to a carrier that is driven along a path parallel to the two conveyors 
by a differential drive mechanism coupled to the drive mechanisms of the two conveyors. The diffeiential drive mechanism responds 
to the difference in the speeds of the two conveyor drive mechanisms to drive the carrier and position the diverter element along the 
parallel conveyors. The diverter element (44) extends at least partway across the widths of the two conveyors to guide articles on one 
conveyor to the other. In a preferred version, the carrier is an endless conveyor belt (46) to which the diverter element is attached, 
and the differential drive mechanism includes a shaft arranged coaxially with drive or idler sprocket shafts of the conveyor belts at 
each end of the bed. The apparatus is useful in accumulating articles transported on a main conveyor in a first in, first-out fashion. 



wo 02/072454 Al .liiililliiiliilillillliia 



Fl. GB, GO. GE, GH, GM. HR. HU, ID. IL. IN, IS, JP, KE, 
KG, KP. KR. KZ. LC. IK, LR, LS, LT, LU, LP: MA. MD, MG. 
MK, MN. MW. MX. MZ, NO, NZ, OM, PH. PL, PT, RO, RU, 
SD. SE, SG, SI, SK, SL, TJ, TM. TN. TR, TT, TZ. UA, UG, 
UZ. VN, YU. 7A. 7.M, ZW.ARIPO patent (GH, GM, KE, LS, 
MW, MZ, SD. SL, SZ, TZ, UG, ZM, ZW), Eurasian patent 
(AM, AZ, BY. KG, KZ MD, RU, TJ, TM), European patent 
(AT BE. CH, CY, DK DK, ES. FL FR, GB, GR. IE. IT LU, 
MC, NL. PT 5£ TR). OAPI patent (BE BJ, CF, CG, CI 
CM, GA. GN. GO. GW. ML, MR. NF. SN. 11). TO) 
— as to the applicant 's emiilemeni to claim the priority 0/ the 
earlier application (Rule 4.17(iii)) for the following desig- 
nations AE, .4G, AL, AM, .4T, AU. AZ. B.4. BB. BG, BR. BY, 
BZ C4, CH. CN, CO. CR, CU, CZ. DE DK. DM. DZ. EC. 
EE, ES. Fl. GB, GD, GE. GH. GM. HR, HU. ID. II.. IN. 
IS. JP, KE KG. KR KR KZ LC. LK. LR. LS. LT LU. LV. 
MA, MD, MG, MK, MN, MW, MX, MZ. NO, NZ, OM. PH, 
PL, PT RO, RU. SD. SE. SG, SI. SK. SL, TJ, TM. TN. TR. 



TT. TZ UA. UG. UZ m. YU. 7A. 7M. ZW. ARIPO patent 
(GH. GM, KE LS, MW, MZ, SD, SL, SZ, TZ UG, ZM, ZW). 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ TM), 
Eumpeanpatent(AT BE, CH, CY, DE, DK, ES, FL FR GB, 
GR. IE IT LU. MC, NL. PT SE TR). OAPI patent (BE BJ. 
CF. CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN. TD. 
TG) 

— ofimentoi^hip (Rule 4. 1 7(iv))for US only 
Published: 

— with international search report 

before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
arue Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



wo 02/072454 PCT/US02/07473 

APPARATUS FOR DIVERTING A STREAM OF ARTICLES 

Background 

This invention relates generally to conveying systems having plural power-driven 
conveying sections and, more particularly, to apparatus for varying the effective length of the 
system by controlling the diversion of conveyed articles from one conveyor section to another. 

Many conveyor applications require that articles transported on one conveyor belt be 
transferred to another conveyor belt that may be traveUng in another direction, such as the 
opposite direction. Stationary rails spanning the conveying surfaces of the belts at a transfer 
point are often used for this purpose. In some ^plications, such as article accumulation, the 
transfer point can be moved. The moving transfer point allows the effective length of the 
conveying path and, consequently, the amount of articles accumulated to be controlled. In a 
spiral accumulator, such as that shown in US Patent No. 6,152,291, two parallel conveyor belts 
- an infeed belt and outfeed belt - are helically an anged with a rotatable transfer mechanism 
traveling between them. The position of the transfer mechanism depends on the relative 
speeds of the two oppositely moving belts. A guide plate on the transfer mechanism directs 
articles from the infeed conveyor belt to the outfeed belt. A rotatable member in the transfer 
mechanism simultaneously engages drivers fonned on the specially designed infeed and 
outfeed belts. The rotatable member, driven by the drivers, translates the transfer mechanism 
and its attached guide plate along the belts as determined by their relative speeds. The 
rotatable member rides along with the transfer mechanism. 

A more common accumulation system is laiown as a bi-di (bi-directional) table. 
Typically, a bi-di table includes a bi-directional conveyor belt arranged to run perpendicular to 
a main conveyor belt. As articles build up on the main conveyor belt, backpressure directs 
them onto the bi-di belt, which runs in a direction away from the main conveyor. In this way, 
articles are accumulated on the bi-di belt's surface. As downstream processes require more 
articles, the direction of the bi-di belt is reversed so that the accumulated articles are pushed 
back onto the main conveyor belt These bi-di tables, which support the bi-di belt and its drive 
mechanisms, are generally rectangular in shape with drive or idler shafts for sprockets or 
pulleys at each end. But, unUke the spiral accumulator, these simple, ubiquitous tables are not 
first in, first out. 

Thus, there is a particular need for a simple first in, frrst-out accumulation system, 
especially one that can be easily retrofitted in a bi-di table. More generally, there is also a need 
for a simple mechanism for diverting articles from one conveyor belt to another, such as 
oppositely-moving conveyor belts. 
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Summary 

These needs and othos are satisfied by a novel article-diverting apparatus embodying 
features of the invention. In the apparatus, a first conveyor belt is driven in a first direction at a 
5 first speed. A second conveyor beh is driven at a second speed in a different second direction, 
typically the opposite direction. A stream of articles is conveyed along a conveying surface of 
the first conveyor. A carrier travels along a path generally parallel to the first and second 
conveyor belts. A diverter element affixed to the carrier extends across at least a portion of the 
conveying surfaces of the first and second belts to divert articles in the stream fix)m the first 
10 belt to the second belt. The carrier is controlled by a differential drive mechanism at a speed 
that depends on the speeds of the first and second conveyor belts, hi this way, the position of 
the diverter element and, hence, the transfer point are determined by the relative speeds of the 
two belts. 

In one version of the apparatus, the differential drive mechanism is stationarily attached 
15 to a fi-amework supporting the carrier and the first and second belts. In another version, the 
differential drive mechanism is attached, not directly to the first and second belts, but to a first 
drive mechanism driving the first belt and to a second drive mechanism driving the second 
belt. This permits non-custom, less-expensive, standard belts to be used as the first and second 
belts. 

20 In a first-in, first-out accumulator using the apparatus of the invention, a stream of 

articles at an upstream position on a main conveyor is suppUed to the first, or infeed, conveyor 
belt, transferred to the second, or outfeed, conveyor belt by the diverter element on a carrier, 
and then fed by the second belt back to the main conveyor Une at a downstream location. The 
amoxuit of accumulation is determined by the carrier drive mechanism, which positions the 

25 carrier and diverter element along the infeed and outfeed belts depending on their relative 
speeds. 

In other versions, the earner is an endless carrier belt parallel to the first and second 
belts. The belt can be an mtennediate belt between and abutting the first and second belts with 
a transfer surface portion across which products are transferred firom the first belt to the second 
30 belt. Alternatively, the carrier belt flanks the first conveyor belt and carries the affixed diverter 
element. The flanking belt can be used in conjunction with another flanking belt on the 
opposite side of the second conveyor that provides two-sided support for the diverter element. 
In this version, the fkst and second conveyor belts can be abutted for direct transfer of articles 
firom one to the other. In one version in which a carrier belt is used, the first and second belts 
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engage rotating elements including aligned shafts with sprockets about which the belts 
articulate. The differential drive mechanism is rotationally coupled to the rotating assembUes 
and engages the carrier belt to drive at a speed that depends on the relative speeds of the 
conveyor belts. This version is especially easy to retrofit in an existing bi-di table to achieve 
5 first-in, first-out capability. 

In one version, the differential drive mechanism is differentially geared to the first and 
second drive mechanisms. But the belts and carrier can alternatively be controlled by a 
controller that individually controls the drive mechanisms of the first and second conveyor 
belts and the carrier. In either of these examples, the drive characteristics can be tailored for 
10 various applications by setting the speed of the carrier to be asi-bs2, where si is the speed of the 
first conveyor belt, S2 is the speed of the second conveyor belt, and a and b are adjustable 
parameters that are chosen to fit the application. 

Thus, the apparatus provides clear advantages in diverting articles fi'om one conveyor 
belt to a parallel, oppositely moving conveyor belt. 

15 

Brief Description of the Drawings 

These and other features, aspects, and advantages of the inventions are further 
addressed in the following description, appended claims, and accompanying drawings, in 
which: 

20 FIG. 1 is an isometric view, partly cut away, of an appai-aUis embodying features of the 

invention, the apparatus including a diverter element for diverting a stream of articles; 
FIG. 2 is a top plan view of the apparatus of FIG. 1; 

FIG. 3 is an end elevation schematic of a stepped arrangement of conve)dng surfaces 
usable in the apparatus of FIG. 1; 
25 FIG. 4 is an isometric view of a drive mechanism, including a differential drive, at one 

end of the apparatus of FIG. 1; 

FIG. 5 is an isometric view of the opened-up differential drive mechanism of FIG. 4; 

FIG. 6 is an isometric view of a drive mechanism at the opposite end of FIG. 1 Scorn, the 
drive mechanism in FIG. 4; 
30 FIG. 7 is a top plan view of another version of apparatus for diverting articles, in which 

the diverter element is driven from one side; 

FIG. 8 is a top plan view of another variation of diverter apparatus as in FIG. 7 with the 
diverter attached at flanking positions; 
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FIG. 9 is an isometric view of a portion of another version of article-diverting apparatus 
partly cut away to show a differential drive for a lead screw; 

FIG. 10 is a side view of the lead screw drive of FIG. 9; and 

FIG. 1 1 is a top plan schematic of a first-in, jSrst-out accumulator application using the 
apparatus of FIG. 1. 

Detailed Description 

An apparatus embodying features of the invention for diverting articles from a stream 
of articles is shown in FIGS. 1 and 2, The apparatus includes a conveyor bed formed by a 
framework 20 with legs 21 and a pair of parallel upper support rails 22. Crossbeams 23 span 
the support rails at opposite ends 24, 25 of the conveyor bed. Cross supports 26 forming part 
of the framework support a conveyor pan or wearstrips 27 that underlie the canyway of a first 
infeed conveyor 28 and a parallel second outfeed conveyor 30. 

Each conveyor includes an endless belt, or chain, wrapped around rotating assemblies 
32, 33 at the first and second ends 24, 25 of the conveyor bed. The belt, or chain, is preferably 
an endless modular plastic conveyor belt, such as any of those standard belts manufactured and 
sold by Intralox, Inc. of Harahan, Louisiana, USA. Modular conveyor belts are preferable 
because the modules can be easily linked together end to end and side by side with hinge pins 
typically in a bricklay pattern to construct belts of almost any length and width. But any belt, 
including, for example, metal chains or fabric belts, could be used effectively. The infeed belt 
28 and the outfeed belt 30 are driven in the direction of arrows 34, 36. 

In the example of FIGS. 1 and 2, the infeed belt 28 is driven by a first infeed drive 
mechanism 38, which is part of the second rotatmg assembHes 33. Tlie outfeed belt 30 is 
driven by a second outfeed drive mechanism 40, which is part of the first rotating assembHes 
32. In tliis drive arrangement, the first and second drive mechanisms pull the belts in tension 
along the conveyor carryway in the direction of tlie arrows 34, 36. Motors 42, preferably 
variable-speed motors, in the infeed and outfeed drive mechanisms rotate the rotating 
assembUes, which engage the belts positively or fiictionally, to drive the belts in the directions 
shown. 

The apparatus also includes a diverter element 44 that extends across at least a portion 
of the width of the first and second conveyors. The diverter element is attached to a carrier, in 
this example, an intermediate belt 46 disposed in tibie space 48 betweea the infeed and outfeed 
belts. The intermediate belt is preferably a modular plastic conveyor belt, but could as well be 
a metal chain or a fabric belt. Only a portion of the intermediate belt is shown in FIGS. 1 and 
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2 in order to show other features of the apparatus, but the intermediate belt is co-extensive with 
the infeed and outfeed belts in that it is also an endless belt wrapped around the fibrst and 
second rotating assemblies 32, 33. The intermediate belt, positioned between the infeed and 
outfeed belts, abuts each of them with only a minimal gap. (Siderails to confine articles on the 
5 conveyor are not shown to simplify illustration.) 

The diverter element 44 captures articles 50 firom a stream of articles on the infeed belt 
28 and directs them across a transfer surface 52 of the intermediate belt onto the outfeed belt 
30 traveling in the opposite direction. The diverter element has a guide surface 54, in this 
example, an arcuate surface, upstanding firom a base 56. The base is attached to a section of 
10 the intermediate belt so that the diverter element moves with the intermediate belt. Anns 60, 

61 of the diverter element extend across at least a portion of the conveying surfaces of the 
infeed and outfeed belts. In the version shown in FIGS. 1 and 2, the first aim 60 extends 
across most of the width of the infeed belt. In this case, all of the articles 50 in the stream are 
received by the diverter element. But it is also possible to have a shorter first arm that would 

15 capture some articles, but allow others to pass. The arms can ride directly on the infeed and 
outfeed conveyors, or they can be positioned above the conveying surfaces as long as they are 
not so high as to allow articles to be diverted to pass underneath in nomal operation. A barrier 

62 is also attached to the intermediate belt. The guide surface of the diverter element and the 
barrier bound the transfer surface 52 of the intermediate beh. The barrier ensures that products 

20 are diverted only across the transfer surface and not at other points along the carryway. For 
smooth transfer of product, the conveying surfaces of the infeed and outfeed belts are 
preferably coplanar with the outer surface of the intermediate belt. It would also be possible, 
as shown in FIG. 3, to have the conveying surfaces of the infeed 28 and outfeed 30 conveyor 
belts and the outer surface of tlie intermediate belt 46 stepped down in elevation firom the 

25 infeed belt to the outfeed belt. Alternatively, the entire conveyor bed could be slanted 
downward, off horizontal, toward the outfeed belt to get an assist firom gravity in clearing 
articles off the transfer surface. 

In the exemplary version of the apparatus shoAvn in FIGS. 1 and 2, the rotatmg 
assemblies 32 at the fiist end 24 of the conveyor bed are shown in more detail in FIG. 4. A 

30 first rotating assembly 64 and a second rotating assembly 65 are coaxially arranged and 

terminate in a differential drive mechanism 66. The first rotating assembly actively drives the 
outfeed belt 30. The assembly is stationarily mounted to the crossbeam 23. The assembly 
includes the drive motor 42, which, in this example, has a right-angle drive shafi: 68. The first 
rotating assembly includes a shaft 69, which is shown segmented, on which sprockets 70 are 
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mounted. Bearing blocks 72 support the shafts for rotation. The numbers of bearing blocks, 
sprockets, and shaft segments required depend on the width of the belt and its load. In this 
example, four sprockets, three bearing blocks, and two shaft segments are shown for the first 
rotating assembly. The sprocket shaft 69 is connected to the motor drive shaft 68 by a 
coupling 74. The other end of the sprocket shaft is connected to a differential shaft 76 (FIG. 5) 
by a coupling 77. The sprockets have peripheral teeth (shown in FIG. 4 as a raised portion to 
simplify the drawing) that engage underside receiving structure in the outfeed belt, or chain, to 
drive and track it. Jn the case of a fabric belt, the toothed sprockets are replaced by roller 
pulleys that frictionally drive the belt. 

While the first rotating assembly 64 at the first end of the beh forms a drive mechanism 
for the outfeed belt, the second rotating assembly 65 is an idler assembly for the infeed belt 28. 
In this version of the apparatus, the drive mechanism for the infeed conveyor is in the rotating 
assemblies 33 stationed at the other end 25 of the conveyor bed. Although this arrangement is 
preferable because both drive mechanisms are pulling the belts, the drives could be stationed at 
the same end or, especially for long belts, distributed along the length of the belts. The idler 
assembly 65 is similar to the first rotating assembly 64, but is not directly coupled to a motor. 
It is, however, coupled to the differential drive mechanism by a coupling 77. Thus, the 
differential drive mechanism is coupled to each rotating assembly, which rotates at a speed 
coiTesponding to the speed of the associated belt. Each rotating assembly, whether including a 
drive shaft or an idler shaft, acts as an input drive mechanism to the differential drive 
mechanism. 

The differential drive mechanism is showzi in more detail in FIG. 5. The mechanism 
includes four bevel gears 78 A-D. The differential shaft 76, rotating at the speed of the outfeed 
belt, is connected to the bevel gear 78A. The differential shaft 76', rotating at the speed of the 
infeed belt, is connected to the opposite bevel gear 78B. The gears mesh witii gears 78C and 
78D, which are coaxially and rotatably aligned as pinion gears on pinion shaft 80. Couplings 
82 retain the bevel gears in place on the shafts and pinion shaft:. The ends of the pinion shaft 
extend from a spider 83, which also provides supports for the differential shafts 76, 76'. The 
differential mechanism fits in a hollow 84 formed in the center of two mating central housing 
halves 86. The ends of the pinion shaft fit in cavities 88 formed radially in the housing halves. 
Metal plates 89 serve as thrust bearings. Dowels 90 register the two housing halves, which are 
held together conventionally by bolts or screws through holes 92. A toothed sprocket wheel 94 
is attached to each housing half The peripheral teeth of the sprocket wheel engage the 
intermediate belt 46 to drive it. 
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The geared differential works conventionally in that relative motion of the shaft output 
bevel gears 78 A and 78B causes the pinion gears 78C and 78D to rotate about the axis of the 
differential shafts 76, 76'. As the pinion gears rotate, the ends of the pinion shaft 80 cause the 
housing and the sprocket wheels to rotate. The speed of rotation depends on the relative 
speeds of the rotation of the output shaft bevel gears. In the situation where the outfeed belt 
and the infeed belt are moving at the same speed in opposite directions, the outfeed output 
bevel gear 76 rotates in one direction at a certain speed and the infeed output bevel gear 76' 
rotates in the opposite direction at the same speed, which causes the pinion gear assembly to 
rest with its pinion shaft stationary. As one of the conveyor belts speeds up relative to the 
other, the diflferential drive mechanism causes the housmg and sprocket wheel assembly to 
rotate in the direction of the faster moving rotating assembly, but at half the difference between 
the speeds of each rotating assembly. Thus, in this example, the speed s of the intermediate 
belt is given by s = Vi (si-Sa), where sj is the speed of the faster-moving belt and S2 is the speed 
of the slower-moving belt. Of course, the gearing ratios can be altered by the use of gear 
reducers or other conventional techniques to derive other speed relationships that may be 
generically defined by s is proportional to asi-bs2, where a and b are parameters set by the 
effective gear ratios, for example. This would allow the intermediate belt to be driven at a 
speed that is influenced relatively more by one of the conveyor belts than the other in special 
applications. 

The second rotating assemblies 33 stationed at the second end 25 of the conveyor bed 
are similar to those at the first with the following difference shown in FIG. 6. First, the drive 
motor 42 for the infeed belt and its drive elements 96 are mounted on the crossbeam 23 at this 
end. Second, idler elements 98 form the rotating assembly for the infeed belt. Third, the 
rotating elements, although mounted coaxially, do not drive a dijBFerential mechanism at this 
end. Instead, an idler sprocket 100 on an idler shaft 102 supported by flanking bearing blocks 
72 is provided to support and brack the endless intermediate belt 46 at this end of the conveyor 
bed. 

Another version of an apparatus for diverting articles is shown in PIG. 7. In this 
version, the infeed belt 28 and the outfeed belt 30 abut each other. The diverter element 44' is 
carried by a carrier belt 104 next to, in this example, the infeed belt. The diverter element 
extends through a gap between stationary side rails 106 across the conveying surfaces of the 
mfeed and outfeed conveyor belts to direct articles from the first belt durectly to the oppositely 
running second belt without having to traverse an intermediate belt - a distinct advantage. The 
carrier belt is driven differentially by the drive mechanisms of each of the conveyor belts. 
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Because, in this version, the carrier belt is not adjacent to the outfeed belt, the drive mechanism 
of the outfeed belt would have to be connected with the differential drive mechanism of the 
carrier belt through an intervening jackshaft or some other conventional linkage. 

A sUghtly modified alternative to the apparatus in FIG. 7 is illustrated in FIG. 8. In this 
version, a diverter element 44" is carried at each end by a carrier belt 104. This version 
provides better support for the diverter element. The two flankmg carrier belts are each driven 
differentially in unison. 

The versions described thus far are especially adaptable to be retrofitted into existing 
bi-di tables, which typically provide for sprockets, shafts, and motors at each end and include 
belt-supporting structure along the carryway and retumway. Essentially, the bi-di belt and its 
drive and idler sprocket assemblies are replaced by the belts and rotating assemblies of the 
invention. The remainder of the bi-di conveyor bed remains largely unchanged. As already 
mentioned, the veisions described lend themselves to easy expansion through widening or 
lengthening of the belts. 

To this point, the carrier for the diverter element has been described as a belt (an 
intermediate belt or a carrier belt) differentially driven by a differential drive mechanism 
connected to infeed and outfeed belt drive mechanisms. In another version of the apparatus, 
shown in FIGS. 9 and 10, the diverter element 44 is canied on a carrier 106, which is the 
linearly variable nut of a lead screw 108. The lead screw is connected at one end to a 
stationary differential gear 1 10 and at the other to a fixed bearing block 112 at the opposite end 
of the carrier run. The speed and direction of rotation of the lead screw depend on the relative 
speeds of the infeed 28 and outfeed 30 belts. As the lead screw rotates, the carrier is driven 
linearly along its run. To mimmize the space between the two conveyor belts, the diverter 
element is connected to the carrier by a thin, but sturdy, fin 1 14 that is attached to each by 
welding, for instance. 

All of these diverter carrier arrangements can be used to divert articles from one 
conveyor to another and are useful, for example, in a first-m, first-out article accumulator, such 
as the one shown in FIG. 1 1 . The accumulator system 1 16 effectively adjusts the length of a 
conveying path dependmg on the upstream supply of and the downstream demand for articles. 
A stream of articles 50 conveyed in tibie direction of arrow 1 1 8 by a main conveyor line 120 is 
received at an upstream location 122 of the main conveyor by an infeed conveyor belt 28 
driven in the direction of arrow 34. An infeed guide rail 124 guides the stream of articles onto 
the infeed belt. As the infeed belt transports the articles, they are captured and redkected by 
the diverter element 44 attached to and carried by the intennediate belt 46. The articles 
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transfer across the transfer surface 52 of the intermediate belt between the diverter element and 
the barrier 62 and onto the outf^ conveyor belt 30. The diverted articles are delivered to the 
main conveyor at a downstream location 128 by the outfeed conveyor belt driven toward the 
main conveyor. An outfeed guide rail 125 guides the stream of articles back onto the main 
5 conveyor. A transfer plate 126, such as a deadplate, is used for a smooth transfer of articles to 
and from the main conveyor. The main conveyor could alternatively use other transfer 
techniques, such as transfer belt edges attached to and moving with the main conveyor belt. 
The infeed and outfeed belts need not be perpendicular to the conveyor, but could, for 
example, run parallel to a main conveyor Une that includes upstream and downstream segments 

10 on opposite sides of the infeed/outfeed belt unit. The accumulator allows the transport of 
articles along the main conveyor line to be adjusted for mismatches between the upstream 
supply of and the downstream demand for articles. The accumulator does this by controlling 
the effective length of the conveying path. As the supply of articles increases, the infeed belt is 
driven at a higher speed than the outfeed belt. The differentially driven carrier belt moves 

15 away from the main conveyor. With the diverter element farther away from the main 

conveyor, more articles can accumulate on the lengthened conveying path. As the demand for 
articles downstream increases to a level outstripping the supply of articles, the outfeed 
conveyor is driven faster than the infeed conveyor. When this occurs, the carrier belt and its 
diverter element move toward the main conveyor and shorten the effective conveying path and 

20 the proportional accumulation area. For protection, hmit switches (not shown) at each end of 
the mfeed/outfeed conveyor bed cause the motors to stop when the diverter element gets to 
either end of its permissible range along the conveyor bed. 

The supply of and demand for articles can be sensed by conventional article sensors 
130 positioned at, for example, upstream and doAvnstream locations on the main conveyor. 

25 Their signals 132, 133 are electrically directed to a controller 134, which farther sends control 
signals 136, 137 to the variable-speed drive motors 42 to adjust the speeds of the infeed and 
outfeed belts. Although the differential drive mechanisms described to this point are 
mechanically-coupled differentials, it would alternatively be possible to have an independent 
drive for the carriCT with the diflferential speed calculated by the controller and an appropriate 

30 speed control signal sent to the carrier's differential drive mechanism. With such an 

arrangement, the contiroUer easily tailors the speed relationship (e.g., s = asi-bsa) to the needs 
of the system at any time. An operator adjusts tiie values of the a and b parameters through the 
controlte. 
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Thus, the invention has been described with respect to various versions by way of 
example. Even so, those skilled in the art will appreciate that other versions are possible 
without materially departing from the novel teachings and advantages of the invention. For 
example, the carrier could ride on a rack and pinion arrangement, cable and drum arrangement, 
5 or a drag chain and rail arrangement. As another example, multiple intermediate drive 
mechanisms, including multiple dijBFerentials, could be distributed along the conveyor, 
especially for long belts. The belts could be radius, sideflexing belts arranged along a curved 
path. The differential could be realized with spur gears or other gear types. As the examples 
suggest, these and other modifications are intended to be included within the scope of the 
10 invention as defined in the following claims. 
What is claimed is: 
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Claiins 

1 . Apparatus for diverting a stream of articles, comprising: 

a firet conveyor belt convejnng a stream of articles along a conveying surface; 
a second conveyor belt disposed parallel to the first conveyor belt and having a 
5 conveying surface; 

an endless intermediate belt disposed parallel to and abutting the first and second 

conveyor belts and having a transfer surfece; 
a first drive mechanism for driving the first conveyor belt at a first speed in a first 

direction; 

10 a second drive mechanism for driving the second conveyor belt at a second speed in a 

second direction opposite to the first direction; 
a differential drive mechanism for driving the intermediate belt at a speed and in a 

direction that dq)end on the first speed and the second speed; and 
a diverter element affixed to the intermediate belt and extending across at least a 
15 portion of the conveying snrfaces of the first and second conveyor belts to 

divert articles in the stream on the first conveyor belt across the transfer surface 
of the intermediate belt onto the second conveyor belt. 

2. Apparatus as in claim 1, wherein the differential drive mechanism drives the 
intermediate belt at a speed equal to half the difference between the first speed and the 

20 second speed. 

3. Apparatus as in claim 1, wherein the differential drive mechanism drives the 
intermediate belt at a speed proportional to asi - bs2, where Si is the first speed, S2 is the 
second speed, and a and b are adjustable parameters. 

4. Apparatus as in claim 1, wherein the conveying surfaces of the first and- second 
25 conveyor belts and the transfer surface of the intermediate belt are coplanar. 

5. Apparatus as in claim 1, wherein the conveying surface of the fitrst conveyor belt is 
elevated above the transfer surface of the intermediate belt, and the transfer surface of 
the intermediate belt is elevated above the convejdng surface of the second conveyor 
belt. 

30 6. Apparatus as in claim 1, wherein the conveying surfaces ofthe first and second 

conveyor belts and the transfer surface ofthe intermediate belt are co-extensive in the 
first and second directions, 
7. Apparatus as in claim 1, wherein the diverter element includes a first arcuate arm 

extending at least partway across the conve3dng surface of the first conveyor belt and a 
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second arcuate arm extending at least partway across the conveying surface of the 
second conveyor belt. 

8. Apparatus as in claim 1 , further comprising a controller for directly controlling the first 
drive mechanism and the second drive mechanism. 

9. Apparatus as in claim 8, wherein the controller directly controls the differential drive 
mechanism. 

1 0. Apparatus as in claim 1 , wherein the differential drive mechanism includes a 
differential gear arrangement connected to the first drive mechanism and to the second 
drive mechanism. 

1 1 . Apparatus for diverting a stream of articles, comprising: 
a framework; 

a first conveyor belt supported in the firamework and conveying a stream of articles 

along a conveying surface; 
a second conveyor belt supported in the framework parallel to the first conveyor belt 

and having a conveying surface; 
a carrier arranged to travel along a path parallel to the first and second conveyor belts; 
a first drive mechanism for driving the first conveyor belt at a first speed in a first 

direction; 

a second drive mechanism for driving the second conveyor belt at a second speed in a 
second direction opposite to the first direction; 

a differential drive mechanism stationarily connected to tlie framework and drivingly 
coupled to the carrier for driving the carrier along the path at a speed and in a 
direction that depend on the first speed and the second speed; and 

a diverter element affixed to the carrier and extending across at least a portion of the 

conveying surfaces of the first and second conveyor belts to divert articles in the 
stream on the first conveyor belt to the second conveyor belt. 

12. Apparatus as in claim 1 1 , wherein the carrier comprises an endless conveyor belt 
arranged parallel to and between the first and second conveyor belts. 

13. Apparatus as in claim 1 1, further comprising a lead screw, extendmg fix)m the 
differential drive mechanism parallel to the first and second conveyor belts, along 
which the carrier rides. 

14. Apparatus as in claim 1 1 , wherein the differential drive mechanism drives the carrier at 
a speed equal to half the difference between the first speed and the second speed. 
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15. Apparatus ^ in claim 1 1 , wherein the differential drive mechanism drives the carrier at 
a speed proportional to asi - bs2, where Sj is the Qrst speed, sa is the second speed, and a 
and b are adjustable parameters. 

16. Apparatus as in claim 1 1, further comprising a controller for durectly controlling the 
&st drive mechanism and the second drive mechanism. 

17. Apparatus as in claim 16, wherein the controller directly controls the differential drive 
mechanism. 

18. Apparatus as in claim 1 1 , wherein the differential drive mechanism includes a 
differential gear arrangement connected to the first drive mechanism and to the second 
drive mechanism. 

19. Apparatus for diverting a stream of articles, comprising: 

a first conveyor belt conveying a stream of articles along a conveying sui face; 
a second conveyor belt disposed parallel to the first conveyor belt and having a 
conveying surface; 

a carrier arranged to travel along a path parallel to the first and second conveyor belts; 
a first drive mechanism for driving the first conveyor belt at a first speed in a first 
direction; 

a second drive mechanism for driving the second conveyor belt at a second speed in a 

second direction opposite to the first direction; 
a differential drive mechanism drivingly connected to the first and second drive 

mechanisms and drivingly coupled to the cairier for driving the canier along the 

path at a speed and in a direction that depend on the first speed and the second 

speed; and 

a diverter element affixed to the carrier and extending across at least a portion of the 

conveying surfaces of the first and second conveyor belts to divert articles in the 
stream on the first conveyor beh to the second conveyor belt. 

20. Apparatus as in claim 1 9, wherein the carrier comprises an endless conveyor belt 
arranged parallel to and between the first and second conveyor belts, 

21. Apparatus as in claim 19, further comprising a lead screw, extending from the 
differential drive mechanism parallel to the first and second conveyor belts, along 
which the carrier rides. 

22. Apparatus as m claim 19, wherein the differential drive mechanism drives the carrier at 
a speed equal to haff the difference between the first speed and the second speed. 
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23. Apparatus as in claim 1 9, wherein the differential drive mechanism drives the carrier at 
a speed proportional to asi - bS2, where si is the first speed, sa is the second speed, and a 
and b are adjustable parameters. 

24. Apparatus as in claim 19, further comprising a controUer for directly controlling the 
first drive mechanism and the second drive mechanism. 

25. Apparatus as in claim 24, wherein the controller directly controls the differential drive 
mechanism. 

26. Apparatus as in claim 19, wherein the differential drive mechanism is disposed in a 
stationjuy position. 

27. Apparatus for diverting a stream of articles, comprising: 

a first conveyor belt conveying a stream of articles along a conveying surface in a first 
direction; 

a second conveyor belt disposed parallel to the first conveyor belt and having a 
conveying surface; 

a carrier belt disposed parallel to the first and second conveyor belts; 

a diverter element affixed to the carrier belt and extending across at least a portion of 
the conveying surfaces of the first and second conveyor belts to divert articles 
fi-om the stream of articles on the first conveyor belt traveling in the first 
direction onto the second conveyor belt traveling in a second direction opposite 
the first direction; 

a first rotating assembly rotatuag at a first speed about an axis of rotation and about 
which the first conveyor belt articulates in engagement; 

a second rotating assembly rotating at a second speed about the axis of rotation and 
about which the second conveyor belt articulates in engagement; and 

a differential drive mechanism rotatable about the axis of rotation and drivingly 
engaged with the carrier belt and rotationally coupled to the first rotating 
assembly and to the second rotatmg assembly to drive the carrier belt at a speed 
and in a direction that depend on the first speed and the second speed. 

28. Apparatus as in claim 27, wherein the differential drive mechanism drives the carrier 
belt at a speed equal to half the difference between the first speed and the second speed. 

29. Apparatus as m claim 27, wherein the differential drive mechanism drives the carrier 
belt at a speed proportional to asi - bsa, where si is the first speed, sz is the second 
speed, and a and b are adjustable parameters. 
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30. Apparatus as in claim 27, wherein the carrier belt is disposed between and abuts the 
first and second conveyor belts and the carrier belt includes a transfer surface. 

3 1 . Apparatus as in claim 30, wherein the conveying surfaces of the first and second 
conveyor belts and the transfer surface of the carrier belt are coplanar. 

5 32. Apparatus as in claim 30, wherein the conveying surfaces of the first and second 

conveyor belts and the transfer surface of the carrier belt are co-extensive in the furst 
and second directions. 

33. Apparatus as in claim 27, wherein the first and the second conveyor belts abut each 
other and wherein the carrier belt is disposed adjacent to the first conveyor belt 

10 opposite the second conveyor belt. 

34. Apparatus as in claim 33, further comprising a second carrier belt disposed adjacent to 
the second conveyor belt so that the carrier belts flank the abutting first and second 
conveyor belts, and wherein the diverter element is attached to both carrier belts and 
extends across the conveying surfaces of the first and second conveyor belts. 

15 35. Apparatas as in claim 27, wherein the divei-ter element includes a first arcuate arm 

extending at least partway across the conveying surface of the first conveyor belt and a 
second arcuate arm extending at least partway across tlie conveying surface of the 
second conveyor belt. 

36. Apparatus as in claim 27, further comprising a controller for directly controlling the 
20 first drive mechanism and the second drive mechanism. 

37. Apparatus as in claim 36, wherein the controller directly controls the differential drive 
mechanism. 

38. Apparatus as in claim 27, wherein the differential drive mechanism includes a 
diflEerential gear arrangement connected to the first drive mechanism and to the second 

25 drive mechanism. 

39. i^paratus as in claim 27, wherein the first rotating assembly includes a first sprocket 
set mounted on a first shaft and engaged with the first conveyor beh and wherein the 
second rotating assembly mcludes a second sprocket set mounted on a second shaft and 
engaged with the second conveyor belt and wherein the differential drive mechanism 

30 includes a first gear at an end of the first shaft, a second gear at the end of the second 

shaft, a dififerential gear meshed with the first and second gears, and a third sprocket set 
coupled to the differential gear for rotation and engaged with the carrier belt. 

40. Apparatus for diverting the flow of a stream of articles, comprisuig: 
an infeed conveyor kicluding a first belt; 
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an infeed drive mechanism for driving the first belt in a first direction; 

a main conveyor supplying a stream of articles to tbe infeed conveyor at an upstream 

location of the main conveyor; 
an outfeed conveyor including a second belt arranged parallel to the first belt; 
5 an outfeed drive mechanism for driving the second belt in a second direction to supply 

the stream of articles to the main conveyor at a downstream location of the main 

conveyor; 

a carrier arranged to travel along a path parallel to the first and second belts; 
a diverter element attached to the carrier and extending at least partly across the furst 
10 belt and the second belt to divert articles firom the stream of articles on the 

infeed conveyor onto the outfeed conveyor; and 
a carrier drive mechanism engaging the infeed drive mechanism and the outfeed drive 
mechanism for driving the carrier along the path and the diverter element along 
the belts at a speed and in a direction that depends on the relative speeds of the 
15 first belt and the second belt. 

41 . Apparatus as in claim 40, wherein the carrier drive mechanism drives the carrier at a 
speed proportional to asi - bs2, where si is the speed of the first belt, sz is the speed of 
the second belt, and a and b are adjustable parameters. 

42. Apparatus as in claim 40, wherein the carrier is disposed to travel between the furst belt 
20 and the second belt. 

43. Apparatus as in claim 40, wherein the carrier drive mechanism is stationary. 

44. An accumulator for accumulating articles transported along a main conveyor, 
comprising: 

a first conveyor belt receiving articles fi:om the main conveyor at an upstream location 
25 of the main conveyor onto a conveying surface, the first conveyor belt bemg 

driven in a direction away fi-om the main conveyor at a first speed; 
a second conveyor belt arranged parallel to the first conveyor belt and driven in a 
direction opposite to the direction of the first conveyor belt toward the main 
conveyor at a second speed, the second conveyor belt having a conveying 
30 surface; 

a carrier arranged to travel along a path parallel to the first and second conveyor belts; 
a stationary differential drive mechanism for driviag the carrier along the path parallel 

to the first and second conveyor belts at a speed depending on the difference 

between the first speed and the second speed; and 
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a diverter element attached to the earner and extending across at least a portion of the 

conveying surfaces of the first and second conveyor belts to divert articles on 

the first conveyor belt onto the second conveyor belt, whereby articles are 

accumulated on tiie conveying surfaces of the first and second conveyor belts 

between the diverter element and the main conveyor before being supplied by 

the second conveyor belt to the main conveyor at a downstream location of ttie 

main conveyor. 

45. An accumulator as in claim 44, wherein the differential drive mechanism drives the 
carrier along the path at a speed proportional to asi - bsa, where si is flie first speed, sz 
is the second speed, and a and b are adjustable parameters. 

46. An accumulator as in claim 44, wherein the carrier comprises a third belt. 

47. An accumulator as in claim 46, wherein the third belt is disposed between aad abutting 
the first and second conveyor belts. 

48. An accumulator as in claim 46, forther comprising a first rotating assembly including a 
first sprocket set mounted on a first shaft and engaged with the first conveyor belt and a 
second rotating assembly including a second sprocket set mounted on a second shaft 
and engaged with the second conveyor belt and wherein the differential drive 
mechanism includes a first gear at an end of the first shaft, a second gear at the end of 
the second shaft, a differential gear meshed with the first and second gears, and a tliird 
sprocket set coupled to the differential gear for rotation and engaged with the third belt. 
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